We investigate the possibility that gravity modes can be stochastically excited by turbulent convection in massive main-sequence (MS) stars. We build stellar models of MS stars with masses M = 10 M , 15 M , and 20 M . For each model, we then compute the power supplied to the modes by turbulent eddies in the convective core (CC) and the outer convective zones (OCZ). We found that, for asymptotic gravity modes, the major part of the driving occurs within the outer iron convective zone, while the excitation of low n order modes mainly occurs within the CC. We compute the mode lifetimes and deduce the expected mode amplitudes. We finally discuss the possibility of detecting such stochastically-excited gravity modes with the CoRoT spacebased mission.
A.S. Brun DSM/DAPNIA/SAp, CEA Saclay, 91191 Gif-sur-Yvette Cedex, France et al. (2009b) . The modelling performed by these authors put the theoretical amplitudes of solar gravity modes close to the SoHO/GOLF detection threshold. A new issue then arises: can we expect such stochastically-excited gravity modes to be more easily detectable in other stars than the Sun?
Main-sequence stars significantly more massive than the Sun are potentially interesting for seeking stochasticallyexcited modes. Indeed, stochastically-excited p modes have recently been detected in a massive star (Belkacem et al. 2009a ). The question remains: can gravity modes be stochastically excited in such stars? Stars with mass above M ≈ 1.2 M have a convective core (CC hereafter) and the more massive the star, the higher is the eddies' kinetic energy in the CC. We therefore consider here the illustrative cases of massive main-sequence stars with masses M = 10 M , 15 M , and 20 M . Amplitudes of stochasticallyexcited gravity modes are computed following Belkacem et al. (2009b) as explained in Sect. 2. We describe in Sect. 3 the efficiency of the different driving regions. The results of our calculations are presented and commented on in Sect. 4, and our conclusions are summarized in Sect. 5. We finally discuss in Sect. 5 the possibility of detecting stochasticallyexcited gravity modes with the CoRoT space-based mission.
Mode amplitudes
We compute the mean-squared surface velocity for each non-radial mode according to (see e.g. Belkacem et al. 2009b , and references therein):
where P is the mode excitation rate, η the mode damping rate (which is equal to the inverse of the mode lifetime τ ) and M the mode mass. The latter is defined as
where I is the mode inertia, the mode angular degree, ξ r and ξ h respectively are the radial and the horizontal components of the mode eigendisplacement. Both quantities are evaluated here at the photosphere, i.e. at the radius r = R * where R * is the stellar radius. The mode inertia is defined as
). The mode amplitude in terms of the intensity (or brightness fluctuations) is then deduced at the photosphere according to (Dziemblowski 1977; Pesnell 1990) 
where δL is the bolometric intensity fluctuation, δT eff the effective temperature fluctuation, and δR * the variation of the stellar radius for each given mode. As seen in (1), the modal amplitude is a balance between driving (P) and damping (η). Determination of the mode amplitude then requires knowledge of P (see Sect. 2.1) and η (see Sect 2.2).
Excitation rates (P)
Mode excitation rates are computed on the basis of the formalism due to Belkacem et al. (2008) . This formalism is a generalization of the work of Samadi and Goupil (2001, SG01 hereafter) to non-radial modes. Two sources of driving are taken into account: the Reynolds stress tensor and the advection of the turbulent fluctuations of entropy by the turbulent motions (the "entropy source term").
In the CC, the entropy contribution represents less than ∼10% of the total excitation rates. This is because the gravity modes are evanescent within the CC. Accordingly, the second derivative of displacement eigenfunction is negligible and so is the entropy source term (see details in Belkacem et al. 2008 Belkacem et al. , 2009b . On the other hand, in the outer convective zone (OCZ hereafter), this source term is not negligible since it represents up to ∼50%. This is a consequence of the fact that energy is inefficiently transported by convection within the OCZ. As a consequence, non-adiabatic fluctuations of the gas pressure are important compared to the turbulent pressure. For the sake of brevity we will not discuss further the entropy contribution.
When limited to Reynolds stresses, the excitation rates, P, can be written as (see (21) of Belkacem et al. 2008 )
where m is the local mass, ρ 0 the mean density, ω osc the mode angular frequency, u 0 a characteristic velocity associated with the energy bearing eddies, S R the dimensionless source function associated with the Reynolds stress, E(k) the spatial kinetic energy spectrum, χ k the eddy-time correlation function, and k the wave number. The term R(r) depends on the eigenfunction, its expression is given in (23) of Belkacem et al. (2008) . We have introduced, for convenience, the characteristic frequency ω 0 ≡ k 0 u 0 and the characteristic wave number k 0 ≡ 2π/Λ where Λ is the characteristic size of the energy bearing eddies.
Damping rates (η)
Mode damping rates (η) are computed using the full nonadiabatic and non-radial pulsation code MAD (Dupret 2002; Dupret et al. 2003) . This code includes a time-dependent convection (TDC) treatment described in Grigahcène et al. (2005) , which allows us to take into account the role played by the variations of the convective flux, the turbulent pressure, and the dissipation rate of the turbulent kinetic energy. Actually, the damping of the gravity modes is dominated by the perturbation of the radiative flux. We have numerically verified that the interaction between convection and pulsation does not affect the damping rates.
Computational details and assumptions
We consider main-sequence stellar models computed with the stellar evolution code CLÉS (Scuflaire et al. 2008 ). These models use standard physics, in particular convection is treated according to the Böhm-Vitense mixing-length (MLT) formalism, but overshoot is not included. Details of the physical inputs used are given in (Belkacem et al. 2009c ). Three models are computed; one with a mass M = 10 M (M10 hereafter), the second with M = 15 M (M15 hereafter), and the third with M = 20 M (M20 hereafter). All models are at the same evolutionary stage, namely X c = 0.5 where X c is the hydrogen core abundance. The mode damping rates (η) or equivalently the mode lifetimes (τ = 1/η), as well as the relation between δT eff and δR * are obtained using the pulsation code MAD (see Sect. 2.2).
The rate (P) at which energy is injected into a mode per unit time is then computed according to (4). The density
